A yellow-pigmented, Gram-reaction-negative, non-motile, aerobic bacterium, designated T , was isolated from tundra soil near Ny-Å lesund, Svalbard Archipelago, Norway (786 589 N 126 039 E). Growth occurred at 4-28 6C (optimum 20-25 6C) and at pH 7-8 (optimum pH 7). Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain DR4-30 T belongs to the genus Luteolibacter in the family Verrucomicrobiaceae. The 16S rRNA gene sequence of this strain showed 95.4 and 94.7 % sequence similarity to those of Luteolibacter pohnpeiensis A4T-83 T and Luteolibacter algae A5J-41-2 T , respectively. The major respiratory quinones were MK-9 and MK-10; the predominant cellular fatty acids were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 20.7 %), iso-C 14 : 0 (20.3 %), C 17 : 0 (10.7 %), C 16 : 0 (8.0 %) and C 14 : 0 (6.6 %). The DNA G+C content was 57.3 mol%. On the basis of phenotypic, chemotaxonomic and phylogenetic data, strain T represents a novel species of the genus Luteolibacter, for which the name Luteolibacter luojiensis sp. nov. is proposed. The type strain is DR4-30 T (5CCTCC AB 2010415 T 5NRRL B-59669 T ). An emended description of the genus
The genus Luteolibacter belongs to the family Verrucomicrobiaceae within the phylum Verrucomicrobia and currently comprises two species, Luteolibacter pohnpeiensis and Luteolibacter algae (Yoon et al., 2008) . The type strains of the recognized species of the genus are Gram-negative, non-motile and rod-shaped bacteria that do not reduce nitrate. Their cellular fatty acid contents include large amounts of C 16 : 0 and iso-C 15 : 0 and their major respiratory quinone is MK-9. These two species of the genus Luteolibacter were isolated from driftwood and a red alga, respectively. In this study, an Arctic bacterial isolate was subjected to polyphasic analysis and identified as a novel member of the genus Luteolibacter.
A bacterial strain, designated T , was isolated from a soil sample collected from the Arctic tundra near the settlement Ny-Å lesund (78u 589 N 12u 039 E) in the Svalbard Archipelago, Norway. The soil sample was serially diluted with a sterile 0.85 % (w/v) NaCl solution and plated onto 0.36R2A (BD) agar plates. Single colonies on these plates were purified by transferring them onto new plates and subjecting them to additional incubation for 7 days at 25 u C. The isolate was routinely cultivated on 0.36R2A agar at 25 u C and stored by lyophilization.
Growth was evaluated at 25 u C on several standard bacteriological media, including R2A agar (BD), 0.36R2A agar (BD), tryptic soy broth (TSB, BD) agar, 0.16TSB agar, nutrient agar (NA, BD), 0.16NA (BD) and MacConkey agar (BD). Cell morphology was examined by phase-contrast (Olympus BX51) and transmission electron (Hitachi 8100) microscopy using cells grown for 2 days at 25 u C on 0.36R2A. Gram staining of cells was carried out according to the classical Gram procedure described by Doetsch (1981) . Gliding motility was investigated as described by Bowman (2000) . Growth at 0, 4, 8, 15, 18, 20, 25, 28, 30, 37 and 42 u C was investigated on 0.36R2A agar for up to 2 weeks. The pH range for growth was investigated by using 0.36R2A broth at pH 4-11 (in increments of 1 pH unit). Tolerance to NaCl was tested on 0.36R2A agar supplemented with 0, 0.5, 1.0, 2.0, 3.0, 5.0 and 10.0 % (w/v) NaCl for 2 weeks at 25 u C. Growth under anaerobic conditions was tested on 0.36R2A agar in a GasPak (BBL) jar at 25 u C for 14 days. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Kovács, 1956) . Catalase activity was determined by measurements of bubble production after the application of 3 % (v/v) hydrogen peroxide solution. Additional physiological and biochemical characteristics were determined by using API 20 NE and API ZYM kits (bioMérieux) and the GN2 MicroPlate system (Biolog) according to the manufacturers' instructions.
Strain T grew well at 25 u C on R2A agar, 0.36R2A agar, 0.16TSB agar and 0.16NA, but not on TSB agar, NA and MacConkey agar. Cells were strictly aerobic, Gram-reaction-negative, non-motile and rod-shaped. Cells of strain DR4-30 T did not have flagella according to TEM examination. The strain tested positive for catalase and oxidase activities. Growth of the strain was observed on 0.36R2A agar at 4-28 uC, with optimum growth at 20-25 u C, and in 0.36R2A broth over a pH range of pH 7-8, with an optimum of pH 7. The strain showed good growth in the presence of 0 % (w/v) NaCl on 0.36R2A agar but no growth occurred in the presence of 0.5 % (w/v) NaCl or higher. Colonies were yellow, circular, convex and smooth after growth for 5 days at 25 u C on 0.36R2A agar. Other physiological characteristics of strain T are summarized in the species description. Selected characteristics that differentiate strain T from related species of the genus Luteolibacter are shown in Table 1 .
For 16S rRNA gene sequencing and phylogenetic analysis, genomic DNA was extracted from a fresh culture of strain T following the methods of Sambrook et al. (1989) . Primers 27f (59-GAGTTTGATCCTGGCTCAG-39) and 1527r (59-AGAAAGGAGGTGATCCAGCC-39) were used for amplification of the 16S rRNA gene (Lane, 1991) . PCR and 16S rRNA gene sequencing were carried out as described by Lin et al. (2004) . Sequence similarities were determined by searches in NCBI BLAST database and calculated by pairwise alignment obtained from the EzTaxon database (Chun et al., 2007) . Phylogenetic analysis was performed by using the software package MEGA version 4.0 (Tamura et al., 2007) after multiple alignment of the data via CLUSTAL_X (Thompson et al., 1997) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) methods. Evolutionary distances for the neighbour-joining algorithm were calculated with Kimura's two-parameter method (Kimura, 1980) and the topology of the neighbour-joining tree was evaluated by bootstrap analysis on the basis of 1000 replications (Felsenstein, 1985) . Closeneighbour-interchange (search level52, random additions5100) was applied in the maximum-parsimony analysis.
The 16S rRNA gene sequence of strain T was a continuous stretch of 1444 bp. Comparative 16S rRNA gene sequence analysis showed that strain DR4-30
T was most closely related to members of the genus Luteolibacter. Strain DR4-30 T showed 95.4 and 94.7 % 16S rRNA gene sequence similarity to L. pohnpeiensis A4T-83 T and L. algae A5J-41-2 T , respectively, both of which were below the 97.0 % threshold recommended for the delineation of bacterial species (Stackebrandt & Goebel, 1994) . No other recognized bacterial species showed .92 % 16S rRNA gene sequence similarity to the novel isolate. The phylogenetic tree based on the neighbour-joining method showed that strain DR4-30 T was clearly located within the genus Luteolibacter, forming a separate branch with L. pohnpeiensis A4T-83 T (Fig. 1) . The overall topology of the maximumparsimony tree was essentially the same (Fig. S1 ). These results suggest that strain T represents a novel species within the genus Luteolibacter.
To measure the G+C content of the chromosomal DNA, genomic DNA from the novel strain was extracted and purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides; the DNA G+C content was then determined as described by Mesbah et al. (1989) using reversed-phase HPLC (UltiMate 3000, Dionex). Cell biomass for the analysis of respiratory quinones was obtained by cultivation on 0.36R2A at 25 u C. Respiratory quinones were extracted from lyophilized cells as described by Collins et al. (1977) and were identified by HPLC as described by Xie & Yokota (2003) . The isomer type of diaminopimelic acid in the peptidoglycan was determined by using the method described by Staneck & Roberts (1974) . For cellular fatty acid analysis, strain DR4-30 T and the two reference strains, L. pohnpeiensis KCTC 22041
T (5A4T-83 T ) and L. algae NBRC 103931 T (5A5J-41-2 T ), were grown on 0.36R2A agar plates at 25 u C and harvested at late-exponential phase. Methods for harvesting, saponificatin, methylation and extraction of cellular fatty acids were used according to the protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. Separation and identification of fatty acid methyl esters were performed using a Hewlett Packard 6890N gas chromatograph with the MIDI Sherlock TSBA6 version of the database (Sasser, 1990) .
The DNA G+C content of strain DR4-30 T was 57.3 mol%, a value slightly higher than those reported for the other species of the genus Luteolibacter (Table 1) . Strain DR4-30 T contained MK-9 and MK-10 as the major respiratory quinones. The diagnostic diamino acid in the cell-wall peptidoglycan of strain DR4-30 T was meso-diaminopimelic acid. The major cellular fatty acids of strain DR4-30 T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 20.7 %), iso-C 14 : 0 (20.3 %), C 17 : 0 (10.7 %), C 16 : 0 (8.0 %) and C 14 : 0 (6.6 %). The fatty acid profile of the novel isolate was similar to that of other recognized species of genus Luteolibacter. The differences between strain DR4-30
T and other species of the genus Luteolibacter were particularly marked with respect to the fatty acid profiles as strain DR4-30 T contained higher amounts of the major fatty acids C 17 : 0 and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), as well as significantly lower amounts of C 16 : 0 (Table 2) .
On the basis of the data presented, isolate DR4-30 T represents a novel species of the genus Luteolibacter, for which the name Luteolibacter luojiensis sp. nov. is proposed.
Emended description of the genus Luteolibacter Yoon et al. 2008
The main characteristics are as those given in the genus description by Yoon et al. (2008) with the following modifications. Nitrate reduction activity is species-dependent. The major respiratory quinone is MK-9 and/or MK-10. Predominant cellular fatty acids are C 16 : 0 and iso-C 14 : 0 , but some species also contain summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The DNA G+C content varies between 55.8 and 57.3 mol%.
Description of Luteolibacter luojiensis sp. nov.
Luteolibacter luojiensis (lu.o.ji.en9sis. N.L. fem. adj. luojiensis pertaining to Luojia hill, the site of the campus of Wuhan University, where the type strain was characterized).
Cells are strictly aerobic, Gram-reaction-negative, nonmotile and rod-shaped. Colonies are yellow, circular, convex and smooth after growth for 5 days at 25 u C on 0.36R2A agar. Growth occurs at 25 u C on R2A agar, 0.36R2A agar, 0.16TSB agar and 0.16NA but not on TSB agar, NA or MacConkey agar. Growth occurs between 4 and 28 u C with optimum growth at 20-25 u C. The pH range for growth is pH 7-8 with optimum growth at pH 7. Growth occurs in the presence of 0 % (w/v) NaCl on 0.36R2A agar but no growth occurs in the presence of ¢0.5 % (w/v) NaCl. Positive for catalase and oxidase activity. In API 20 NE tests, positive for aesculin hydrolysis and b-galactosidase activity; negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase activity, urea and gelatin hydrolysis and assimilation of glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malate, trisodium citrate and phenylacetic acid. In API ZYM tests, positive reactions for alkaline phosphatase, esterase(C4), esterase lipase(C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-galactosidase; negative reactions for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, a-and b-glucosidase, amannosidase, N-acetyl-b-glucosaminidase and a-fucosidase. The type strain, DR4-30 T (5CCTCC AB 2010415 T 5NRRL B-59669 T ), was isolated from tundra soil near Ny-Å lesund, Svalbard Archipelago, Norway. The DNA G+C content of the type strain is 57.3 mol%.
Distribution of menaquinones in actinomycetes and corynebacteria. J Gen Microbiol 100, 221-230. *Summed features are groups of two or three fatty acids that cannot be separated by GLC with the MIDI system. Summed feature 1 contains iso-C 15 : 1 -H and/or C 13 : 0 3-OH; Summed feature 2 contains iso-C 16 : 1 -I and/or C 14 : 0 3-OH; Summed feature 3 contains C 16 : 1 v7c and/or C 16 : 1 v6c.
